The function of neural circuits depends on the precise connectivity between populations of neurons. Increasing evidence indicates that disruptions in excitatory or inhibitory synapse formation or function lead to excitation/inhibition (E/I) imbalances and contribute to neurodevelopmental and psychiatric disorders. Leucine-rich repeat (LRR)-containing surface proteins have emerged as key organizers of excitatory and inhibitory synapses. Distinct LRR proteins are expressed in different cell types and interact with key pre-and postsynaptic proteins. These protein interaction networks allow LRR proteins to coordinate pre-and postsynaptic elements during synapse formation and differentiation, pathway-specific synapse development, and synaptic plasticity. LRR proteins, therefore, play a critical role in organizing synaptic connections into functional neural circuits, and their dysfunction may contribute to neuropsychiatric disorders.
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LRR proteins and the organization of functional neural circuits The function of neural circuits depends on the precise connectivity between populations of neurons. In the central nervous system (CNS) this is mediated by glutamatergic and GABAergic synapses, and there is emerging evidence that disruptions in the formation or function of excitatory or inhibitory synapses lead to excitation/inhibition (E/I) imbalances, which characterize several psychiatric and neurodevelopmental disorders [1] [2] [3] [4] [5] [6] [7] [8] . These considerations underscore the importance of understanding the molecular control of excitatory and inhibitory synapse formation, and the signals that allow cell typespecific control of E/I balance.
In this review, we examine recent evidence indicating that cell surface proteins containing an extracellular LRR domain [9] are key organizers of excitatory and inhibitory synapses in the CNS. Distinct LRR proteins are expressed in different cell types, and are generally localized to the postsynaptic membrane, from where they exert a strong influence on the development of synaptic connections. LRR proteins interact with key components of the postsynaptic machinery and trans-synaptically couple to essential presynaptic receptors, which places them in an ideal position to coordinate pre-and postsynaptic differentiation during circuit formation. New insights indicate that the function of LRR proteins extends beyond the initial formation of synaptic contacts and point to a role in regulating functional properties and activity-dependent plasticity of synapses. These findings indicate that LRR proteins play a critical role in the organization and function of neural circuits.
LRR proteins as regulators of synapse development
Recent studies have identified several closely related LRR protein families as regulators of synapse development. A simple in vitro assay, which tests the ability of neurons to form synapses onto co-cultured heterologous cells expressing candidate genes [10, 11] , has been instrumental in identifying synapse-organizing or synaptogenic LRR proteins. The elucidation of their trans-synaptic interactions has highlighted a common theme of diverse postsynaptic ligands coupling to a limited repertoire of presynaptic receptors. In this review, we provide an inventory of these LRR proteins and discuss their roles in synapse development and function, focusing on the vertebrate system. LRR transmembrane neuronal proteins control excitatory synapse development via distinct presynaptic partners Since their original identification as synaptogenic proteins in a co-culture assay-based expression screen [12] , LRR transmembrane neuronal proteins (LRRTMs) 1-4 have rapidly become the most intensively studied family of LRR-containing synaptic organizers. LRRTMs are type I transmembrane proteins with an extracellular LRR domain and a C-terminal postsynaptic density protein (PSD95), Drosophila disc large tumor suppressor (DlgA), and zonula occludens-1 protein (zo-1) (PDZ) interaction site ( Figure 1A) , and distinct, partially overlapping expression patterns in the brain [13] (Figure 4) . LRRTM2, the best characterized family member, localizes to the postsynaptic density of excitatory synapses and regulates postsynaptic differentiation by recruiting key elements of the synaptic machinery, including the scaffolding protein PSD-95 and glutamate receptor subunits [12, 14] . LRRTM2, expressed on the surface of non-neuronal cells, induces presynaptic differentiation in contacting axons of co-cultured neurons, a property shared with LRRTM1, LRRTM4, and to a lesser degree, LRRTM3 [12, 14, 15] .
